We demonstrate a novel 10Gb/s 20km single fiber transmission link based on a remotely fed 1GHz-bandwidth-limited RSOA. Adaptive loading with discrete multitone was applied. We also report flexible-bandwidth-allocated multiple access based on the proposed idea.
. Fig. 1 (a) briefly shows the proposed scheme for the flexible bandwidth allocation of DMT-based multiple access in case of two ONUs. An OLT provides a common CW wavelength channel of λ 1 to ONU 1 and 2. This seed signal is transmitted through a single SMF link and distributed to each ONU by a power splitter. For each distribution, the seed signal is injected into the RSOA and modulated for the upstream transmission. At this point, the parallelmapped signal is allocated to a certain number of DMT subcarriers according to the designated ONU. Some of the DMT subcarriers are zero-padded as a guard band to minimize the interference between two ONUs. The modulated upstream signal from each ONU is combined and retransmitted through the single SMF link and recovered at the OLT according to the designated DMT subcarrier allocated to that ONU. This DMT subcarrier allocation is simply implemented digitally in frequency domain. ONUs share the same wavelength which is remotely fed by the OLT. Therefore, the proposed multiple access system could be free from optical beat noise and from strict time synchronization problems. Fig. 1 (b) represents the experimental setup applying the concept in Fig 1 (a) employing the DMT technique. Off-line processing enables us to collect the data independently from two ONUs using a single RSOA. A CW optical source was realized by a tunable light source (TLS) at 1550nm with an output optical power of 5.8dBm. This from the bit-loading profile. Compared to the optical back-to-back, some subcarriers were discarded from the bitloading because the SNR at those carriers was not high enough to transmit even a single bit. It makes sense because the EVM for the probe DMT signal at the discarded channels was higher than 50%. It has been reported that the EVM should be less than 46.03% to achieve a BER of 10 -4 for binary phase shift keying (BPSK), equivalent to 1 bit allocation. Therefore, the maximum achievable data rate for the bi-directional link was severely degraded with a 6Gb/s penalty compared to the optical back-to-back as described in Fig. 2 (d) . The most critical reason for this degradation was reflection noise from the bi-directional transmission. As shown in the case of the unidirectional 20km link in Fig. 2 (d) (measured in the case of the dash line in the experimental set up of Fig. 1) , it was verified that this penalty could be dramatically suppressed to less than 2Gb/s because the reflection noise could be reduced in this case compared to the bi-directional line (in other words, a single fiber link). Nevertheless, it was still possible to achieve 10Gb/s transmission with an average BER less than 10 -3 for the bi-directional 20km link when the input optical power of the RSOA and the preamplifier were higher than -9 and -12dBm, respectively. A good signal constellation was also clearly achievable in this condition as represented in Fig. 2 (c) . The proposed system was able to transmit the 10Gb/s DMT signal with a proper optical SNR condition. The nonlinearity from the gain saturated operation of the RSOA was not the dominant factor to degrade the signal performance (the input optical power of the RSOA for the gain saturation was over -20dBm).
Operational principle of multiple access, experiments and discussions
The multiple access was easily implemented by allocating the parallel-mapped data into a certain number of the DMT subcarriers. In addition, the data capacity provided for each ONU could be dynamically allocated by modifying the number of occupied subcarriers per ONU. The number of DMT subcarriers for a certain ONU should be carefully selected even in the case of a 50:50 capacity distribution. It is caused by the asymmetric bit-loading profile among the entire set of DMT subcarriers. Nevertheless, it was possible to accomplish a flexible bandwidth allocation for multiple access operation by using the proposed technique as shown in Fig. 3 . We successfully demonstrated it for the 50:50 and 75:25 bandwidth-distributed conditions. In this operation, 10 subcarriers (equivalent to around 80MHz) were chosen as a guard band to prevent interference between the ONUs. 
Conclusion
We successfully demonstrated a novel 10Gb/s 20km single fiber transmission link in which a 1GHz RSOA is remotely fed from the OLT. The DMT technique with adaptive loading algorithm was employed to overcome the bandwidth limitation of the RSOA. We reported a proof-of-concept experiment to show the feasibility of the flexible bandwidth allocated multiple access function for the case of two ONUs. This concept also allows to accommodate more than two ONUs. To the best of our knowledge, the proposed transmission link is the first multi-Gb/s demonstration based on the realistic scenarios of a single fiber link with a remotely fed, commercially available 1GHz RSOA, opening the possibility of multiple access. 
